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ABSTRACT
This thesis examines the relationship between population growth 
and agricultural intensification in Bangladesh between the periods 
1961 and 1980. The various relationships that were investigated are 
population pressure on land in terms of foodgrain requirements and in 
terms of cropped area, the relationship between population density and 
cropping intensity, and relative use of land and labour and the 
productivity of land and labour. Using regression analyses, it was 
found that population growth was one of the significant variables in 
explaining the intensity of cultivation. Using 16 district 
observations and log linear regression, it was observed that 
population density explained 61% of the variation in cropping 
intensity in 1961 and 57% in 1977. It was also found that population 
pressure on land, both in terms of foodgrain requirements and cropped 
area, was much more intense in the late seventies than in the early 
sixties. It was observed that relatively more labour than land was 
used in the production process in 1980 than in 1961. It was also 
found that both average and marginal productivity of labour decreased 
whereas land productivity increased from 1961 to 1977. From these 
findings it can be observed that the Boserup model of agricultural 
development has been supported in Bangladesh. Finally, it has been 
suggested that there exists a scope for further intensification in 
agricultural production through the use of more fertilizer, irrigation 
water and high yielding varieties of seeds. Further agricultural 
intensification will require considerable foresight, planning and 
development by the people of Bangladesh.
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CHAPTER ONE
INTRODUCTION
1.1 The Land and the Population
Bangladesh is a new nation but an ancient land. It emerged a 
little over a decade ago after nine months war of liberation. It is 
the eighth largest nation on earth in terms of its population. The 
present impoverished condition in Bangladesh can be ascribed to years 
of neglect and underdevelopment, to limited resources, and to a 
rapidly growing population (Huq 1981)[1].
Bangladesh includes the world's largest delta, created by the 
Ganges-Brahmaputra river systems and stretches latitudinally between 
20° 35l N and 26°75lN and logitudinally between 8^03* E and 92° 75* E 
(Rashid 1977). Bangladesh is remarkably homogeneous ethnically, 
culturally and linguistically except for a few tribal areas located 
mostly in the district of the Chittagong Hill Tracts (CHT).
[1] For a more detailed discussion of the Bangladesh economy see 
Khan (1972,1977); Islam (1974); Stepanek (1979); Alamgir 
(1978); Mahamood (1981); Faalad and Parkinson (1976).
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According to the preliminary report of the population census of 
1981, the estimated population of Bangladesh was 87.-05 million. The 
population in 1961 was 50.84 million. This represents a compound 
growth rate of population of 2.73% per annum and an exponential growth 
rate of 2.69% (Appendix 3.2). The compound growth rate of foodgrain, 
however, was 2.3% per annum from 1961-62 to 1980-81 (Table 3.1), 
resulting in an annual import of foodgrain of about 2-3 million tonnes 
per annum (BES, 1975-76).
Agriculture is the backbone of the Bangladesh economy and is 
characterized by subsistence farming. According to the Land 
Occupation Survey of 1977 (LOS, 1977) there were 11.85 million rural 
households in Bangladesh, out of which 3.86 million households held no 
farm land, against the availability of 18.17 million acres of 
cultivated land. The average size of owned land per household is 
about 1.53 acres whereas the average size of the operated holding is 
about 1.90 acres per household. According to the LOS (1977), about 
77% of farms in Bangladesh are under 5 acres and 24% of these are 
smaller than one acre. Rural landlessness increased from 17% in 1960 
to 38% in 1977.
Three broad types of tenurial arrangements are prevalent in 
Bangladesh agriculture. They are: (1) owner farm; (2) owner cum 
tenant farm; and, (3) tenant farm. In three of the reports cited 
below [2] the percentage of owner farm varies from 61% to 67%, owner
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cum tenant varies from 22% to 32% and tenant farm varies from 2% to 
6%. The agricultural productivity index ( GDP from agriculture/ 
agricultural labour force), which was about 100 in the sixties, 
steadily declined to about 85 in the seventies. Labour productivity, 
which was Tk.552 in 1960-61 dropped to Tk.502 in 1977-78 (Haq, 1979). 
Hence widespread landlessness, coupled with low productivity and very 
limited scope for non farm activities (only 10% of the rural labour 
force are engaged in rural off farm employment), has brought about 
increasing proportion of the population below the proverty level (Haq, 
1979). It has been estimated that over 80% of the rural population of 
Bangladesh are below the proverty level (Haq, 1979).
1.2 Structure of the Bangladesh Economy
The growth of the Bangladesh economy was stagnant during the last 
decade as shown in the Table 1.1. Agriculture remains the highest 
contributor to the Gross Domestic Product (GDP). The share of 
agriculture was 61.42% in 1969/70 and declined to 54.16% in 1980/81. 
The industrial sector made no improvement since 1969/70. It 
contributed to 8.26% of the GDP in 1969/70 and only increased to 8.85% 
in 1980/81. The growth rate of total GDP from the period 1969/70 to 
1980/81 was 2.60% per annum, but this growth rate was surpassed by the 
growth rate of the population.
[2]The three reports are Agriculture Census 1960, Master Survey 
of Agriculture 1968 and a survey by the Bangladesh Institute of 
Development Studies (BIDS) 1974).
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As a result, the per capita GDP decreased from Tk.770 in 1969/70 to 
Tk.753 in 1980/81. In terms of employment, the agricultural sector 
has provided approximately 78% of the total national employment 
opportunities in the last two decades (Haq, 1979).
1.3 The Government Efforts to Overcome the Problems
In June 1976, the National Population Council of Bangladesh 
declared that population growth was the number one problem of the 
country ( Khuda, 1982). Hence some of the objectives of the Second 
Five Year Plan (SFYP, 1980-85) of Bangladesh was to accelerate 
production of food beyond the self sufficiency level in the shortest 
possible time, and also to reduce the rate of population growth. In 
the previous Two Year Plan (TYP, 1978-80), similar objectives were 
also stated. The strategy was to move towards self sufficiency in 
foodgrain production and at the same time to embark on programmes to 
reduce the population growth (TYP, 1978).
The concern of the Government in the vital issues of population 
growth and food production is reflected in the increased allocation of 
funds during the plan period. In the First Five Year Plan 
(FEYP, 1973-78 ) the allocation for agriculture and water resources 
(AAWR) sector was Tk.10410 million which was 25% of the total
allocation. In the the Second Five Year Plan (SFYP, 1980-85) the
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allocation for AAWR sector was increased to TK.74350 million which 
represented 29.05% of the total allocation. Similar increases in 
allocation were also made for Family Planning and Health (FPAH) 
sector. During the FFYP, the allocation for FPAH sector was TK.2700 
million which increased to Tk 12100 million in the SFYP, although in 
percentage terms this allocation remained constant at about 6% of the 
total.
1.4 The Purpose and the Aims of this Study
The primary purpose of this study is to examine the relationship 
between population growth and foodgrain production in terms of 
agricultural intensification in the Bangladesh economy between 1961 to 
1980. The second purpose of this study is to examine how the 
increasing population has been accomodated in subsistence agriculture, 
since the expansion of other sectors has been virtually negligible 
(Table 1.1). Hence, overall, this study will examine the relationship 
between population growth and agricultural intensification in
Bangladesh agriculture between 1961 to 1980.
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1.5 Objectives of this Study
Specifically, the objectives of the study are
(1) to examine the relative intensity of population pressure on 
land both in terms of foodgrain requirements and the availability 
of cropped area;
(2) to examine the relationship between population growth and 
intensity of cultivation;
(3) to examine the relationship between population density and 
cropping intensity;
(4) to examine the relative use of the factor endowments, land 
and labour, in agricultural production; and
(5) to examine the productivity of land and labour.
These objectives will be discussed in relation to two time periods: 
from 1961 to 1977 or from 1961 to 1980, depending on the availability 
of data.
1.6 Hypotheses
To examine the above objectives the following hypotheses 
have been postulated :
(1) that population pressure on land, both in terms of foodgrain 
requirements and minimum cropped area, was more intense in the 
late seventies than in the early sixties;
(2) that a positive relationship exists between population growth
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and the intensity of cultivation;
(3) that there exists a positive relationship between the density 
of population and the cropping intensities;
(4) that use of labour, relative to the land, was much higher in 
the late seventies than in the early sixties; and
(5) that land productivity increased and labour productivity 
decreased from 1961 to 1977.
1.7 Methodology
Simple and log linear regressions were used to establish the 
relationship between population growth and agricultural intensity. To 
examine the relationship between population and the intensity of 
cultivation, irrigation intensity i.e. irrigation divided by total 
land of the district would be considered as the proxy variable for 
intensification. Irrigation intensity is therefore used as a 
dependent variable and rural population density i.e. rural population 
divided by total land of the district as the main independent 
variable. Other independent variables are, cultivated land divided by 
total land and three dummies for the four divisions. This method was 
used by Simon (1975) in 37 developing countries of Asia and Africa and 
also by Isfahani (1977) in Iranian agriculture. To examine the 
relationship between the population density and cropping intensity, 
population density is used as an independent variable and cropping 
intensity as the dependent variable. Das (1973) and Das (1979) used
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this method in the Indian states of Bihar and Assam.
Two sets of regressions have been calculated, one taking all the 
17 districts of Bangladesh together and the other excluding the 
district Chittagong Hill Tracts (CHT) as the resource base of CHT is 
very different from the rest of the country. Correlation cofficients 
were also calculated to examine the relationship between the 
variables. To test the hypothesis of the intensity of the population 
pressure on land in terms of foodgrain requirements, the methodology 
used by Rasheed (1977) was followed, and for the minimum cropped area 
criteria, the technique used by Das (1973) was followed. Simple 
regressions were also tried to find the average and the marginal 
productivity of labour as used by Robinson (1969). The details of the 
methods of analysis are discussed in Chapters three and four.
1.8 Data Sources
Most of the data are taken from published government sources. 
For population data, the population census of 1961, 1974 and 1981 were 
used. Data related to the agricultural statistics are taken from the 
Census of Agriculture in 1960 and 1977, Master Survey of Agriculture, 
1968 and various issues of Statistical and Agricultural Yearbook. 
Besides the Government sources, data are also taken from some other 
published materials (Rasheed, 1977; Ahmed,1977).
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1.9 Organisation of the Study
The sub-thesis consists of five Chapters. Chapter one is the 
introduction. Chapter two discusses the theories and the empirical 
evidence of population growth and agricultural intensification. 
Chapter three examines the trends in foodgrain production , use of 
inputs and land and labour productivity. Chapter four examines the 
intensity of population pressure on land in terms of both foodgrain 
requirements and the minimum cropped land criteria, and also discusses 
the relationship between population growth and agricultural 
intensification. Chapter five presents a summary and conclusions of 
this study.
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CHAPTER TWO
THEORIES AND EMPIRICAL EVIDENCE OF POPULATION 
GROWTH AND AGRICULTURAL INTENSIFICATION
2.1 Introduction
The purpose of this chapter is to discuss :
(1) theories related to to population growth and agricultural 
intensification of Boserup and Hayani, Ruttan and Binswanger and,
(2) present some of the empirical studies related to the above 
theories.
2.2 Boserup Theory
Boserup (1965) has developed a theory of agricultural development 
in which the continuous growth of population serves as the chief 
determinant of innovations in agriculture, land use patterns, and the 
land tenure system. Her premises are: (1) steady increase in 
population,(2) fixed land area,(3) a reservoir of agricultural 
techniques, (4) low output per man hour following innovations in the 
agricultural sector and (5) flexible division of time between leisure
and work (Adams, 1966).
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According to her, the transition from long to short fallow and 
subsequently more intensive annual cropping is essentially in response 
to the growing population pressure. Considering population as a 
powerful engine for economic development she argues that primitive 
communities with sustained population growth have a better chance to 
get into the process of genuine economic development than the 
community with stagnant or declining populations, provided of course 
that the necessary agricultural investments are undertaken (Boserup, 
1965). In her recent study (Boserup, 1981) she argues that labour 
input per hectare increases with increasing population pressure and 
the output per worker declines; the level of output per hectare 
varies more sharply between population groups than the technological 
groups. The basic idea of the Boserup hypothesis, as summarised by 
the Booth and Sundrum (1982), is as follows :
Society adapts to the increasing population pressure by 
increasing output per hectare of land regardless of the prevailing 
level of technology in the economy as a whole. In fact, the 
technologically advanced and land abundant countries such as north 
America have put their advanced technology to work in agriculture not 
to increase yields per hectare but rather to increase output per 
worker - an economic reaction to their factor endowments. On the 
other hand, the technologically less advanced but more densely settled 
agricultural regions of Asia have gradually evolved more and more 
labour intensive methods of cultivation which are primarily designed 
to increase output per unit of land in response to ever increasing 
population density. In fact, Boserup has considered population growth
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as the exogenous variable and as the trigger mechanism which induced 
technological change in the direction of more and more labour 
intensive cultivation methods ( Booth and Sundrum, 1982).
2.3 Recent Concepts of Hayami, Ruttan and Binswanger
In recent years writers like Hayami and Ruttan (1971) and 
Binswanger(1978 ) have tried to explain the factor intensity of the 
agricultural production through the process of technological change. 
This technological innovation is induced by change in the relative 
factor prices in response to change in factor endowments due to change 
in population. It has been observed that in the land abundant 
economies like north America, where the technological change was 
primarily designed to increase output per unit of labour rather than 
augmenting output per unit of land, it is the labour replacement 
technology which is being applied in that economy. In contrast, in 
the relatively land scarce economies like Japan, technological 
innovation was aimed primarily to increase the output per unit of 
land, and consequently land augmenting techniques are being used 
there. For example, in 1970 output per unit of land in Japan was 
10.03 units (wheat equivalents) whereas in USA it was only 0.98 units, 
but output per unit of labour in USA in the same year was 157.4 units 
of wheat but in Japan it was only 15.77 (Hayami and Binswanger, 1978). 
This variation in output is reflected in the use of other inputs. 
Application of fertilizer, which is assumed to be a land augmenting
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technique, was 449.3 Kg per hectare in Japan whereas in USA it was 
only 115.1 Kg per hectare. In comparison the use of tractor (labour 
substitution) in Japan in 1978 was 13.5 tractors per 1000 hectares 
while in USA it was 25.5 per 1000 hectares. (FAO Production Yearbook, 
taken from Booth and Sundrum, (1982), Tables 7.1 and 7.2)
2.4 Empirical Evidence
Various studies have been conducted in many parts of the world to 
examine the relationship between population growth and agricultural 
intensification. In the following section some of these studies will 
be discussed.
Maude(1970) studied the relationship between population growth 
and agricultural system in Tonga, concluding that intensification of 
the traditional agricultural system occurs only when forced by the 
population pressure. His main evidence was that differences in 
intensity of cropping in Tonga were related to the differences in the 
population density rather than difference in the quality of land.
Brookfield (1962) studied a case in central New Guinea and 
concluded that the widest range of technological elaboration was 
encountered in the four areas with highest populations and that the 
occupational density was greatest where the greatest variety of
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terrain was utilized. It was however suggested that the data 
presented did not exclude the possibility that the intensification can 
be correlated with the purely physical factors and that population 
density showed the closest relationship to intensification.
Gleave and White (1969) studied population density and the 
agricultural systems in West Africa and found that there was evidence 
to suggest that there was a connection between population density and 
agricultural practice, and that the practice becomes modified as 
density changes. Shifting cultivation was found only where the 
populations are low, usually less than 25 persons per square mile. 
Generally population density was highest in the rotational bush fallow 
system. But the increasing population density (due to the spread of 
cash cropping) eventually reduces the length of the fallow periods 
until this practice must be classified as semi permanent or permanent. 
They also mentioned that it was only the population pressure that led 
to the increased use of manure in order to get higher outputs. The 
authors also found that the number of animals kept in each family 
increased as the family size increased.
Clarke (1966) studied the extensive to intensive shifting 
cultivation system in New Guinea. He concluded that there is little 
doubt that, in response to population pressure, a simple shifting 
cultivation system can develop into a more elaborate and intensive
agriculture. But this change did not bring the economic efficiency to
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the farmer. Datoo(1976) studied the relationship between population 
and agricultural systems in the Uluguru Mountains, Tanzania. He found 
that there was a great variation in the make-up of the smallholder 
peasant agricultural systems. This occurred because these systems, in 
the last century, were subjected to various impulses in varying 
degrees of intensity. One of the most important impulse was the 
increase in population.
Studies by Das (1977), in the Kosi area in the Indian state of 
Bihar, investigating the relationship between population density and 
cropping intensity, showed that as the pressure of population on land 
increases, the area sown more than once increased correspondingly. 
Using population density as the independent variable and the area sown 
more than once as the dependent variable, he showed that 43 % of the 
variation in the dependent variable was due to population pressure and 
the remaining 57 % was due to other physio-economic variables.
A similar type of study was also done by Das (1979) in the Indian 
state of Assam. He also found a positive correlation between 
population pressure and cropping intensity. In his study he ran a 
simple regression between the above two variables and found that 48% 
of the variation in intensity of cropping was due to density of 
population and the remaining 52% was due to other independent
socio-economic variables.
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Turner, Hanham and Portaro (1977) found that there was a strong 
positive association between population density and agricultural 
intensity in a sample of 29 tropical subsistence farmers. The 
variation in the population density accounted for 58% of the variation 
in the logarithm of agricultural intensities. Brown and Podolefsky 
(1976) studied the relationship between population density and 
agricultural intensity in the highlands of New Guinea and found a 
strong positive relationship between population density and 
agricultural intensity. The regression of the density of population 
on agricultural intensity, based on two sets of data, one by census 
and the other by field research, produced correlation coefficient (r) 
of 0.84 and 0.77, and co-efficients of determination (R ) of 0.71 and 
0.59 respectively. From this study they concluded that agricultural 
intensity is positively associated with population density. 
Furthermore, between 60% and 96% of the error in the the rank of 
agricultural intensity can be elminated by a knowledge of population 
density. The authors also mentioned that population growth stimulates 
expansion, migration and intensifies agricultural practices. These 
factors lead to more land available for agriculture and increases food 
production in the locality which will then support a larger 
population. These intricate relationships between land availability, 
population density and agricultural technology are highly correlated.
In a study of the Montengoes of Tanzania, Basehart (1973) 
concluded that the contention of Boserup (1965) and Netting (1969) 
that the population pressure is the crucial variable in the
agricultural intensification process is valid. This was supported by
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the Montengo cultivation patterns of labour intensive farming 
practices and the high settlement densities.
Isfahani (1977) studied the Iranian agriculture from the period 
1960 to 1977. He used irrigation intensity as a proxy index for 
agricultural intensification and found that the value obtained for b 
(coefficient of population density) was significant and positive. 
This clearly indicated the existence of positive relationship between 
population pressure and agricultural intensity. Simon (1975) also 
used a similar technique for cross sectional country study where he 
used population density per acre of cultivated land as the independent 
variable and the proportion of irrigated cultivated land as the 
dependent variable and found a strong positive correlation between 
irrigation system building and population density.
Vermeer (1970) studied the relationship between population 
pressure and cropping rotation among the Tivs of Nigeria. He found 
that the areas of high population density displayed evidence of a 
degraded environment, and that in these areas a new crop rotational 
sequence had evolved. An altered cropping pattern, known as "bugh 
bu", resulted from the carrying capacity of land being exceeded beyond 
400 per square mile. He mentioned that in the frontier areas of Tiv 
migration, that is in areas of low population density, the traditional 
system of shifting agriculture had perpetuated with little apparent 
alteration. But in the southern densely populated area of Tivland,
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the customary pattern of agricultural practices showed signs of 
radical alterations that suggested severe strain on the system. Here 
yams were no longer the first crop planted on the new land but had 
been displaced to the second- year position in the rotational scheme. 
These rationalizations by the peasants point towards an intimate 
relationship between population pressure and the quality of the 
environment under shifting agriculture.
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CHAPTER THREE
TRENDS IN THE PRODUCTION OF FOODGRAIN 
AND USE OF INPUTS
3.1 Introduction
The purpose of this chapter is to discuss the trends of foodgrain 
production in Bangladesh from 1961 to 1980 and to highlight some of 
the factors responsible for this trend. This involves firstly 
describing the use of High Yielding Varieties (HYV) and the 
accompanying demands for irrigation and fertilizer, secondly changes 
in the use of land and labour and land and labour productivity.
3.2 Trends in Foodgrain Production
Foodgrain would be used here as referring to the production of 
rice and wheat as has been used by most other researchers. The 
foodgrain production increased from 95.04 million tons to 147.38 
million tons from 1961-62 to 1980-81. The increase during the period 
was 55 % as shown in Table 3.1. The per annum growth rate was 2.3 %. 
The acreage under foodgrain production also increased. It was 21.11 
million acres in 1961 which increased to 26.94 million acres in 1980. 
The percentage increase during the period was 27%. The growth rate of 
the acreage was 1.29% per annum (refer to Table 3.2). Although the
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performance of the foodgrain sector was quite remarkable, it is still 
lagging behind the population growth rate. The result of this was 
imports of large amounts of foodgrain from international sources. As 
shown in the Table 3.3 foodgrain imports as a percentage of total 
domestic production was 7.26% in 1961-62 but increased to 12.97% in 
1969-70. Then the percentage dropped down slightly to 11.3 % in 
1975-76 but remained about 7.20% during 1980-81.
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TABLE 3.1
FOODGRAIN PRODUCTION (RICE AND WHEAT) IN BANGLADESH 
FROM 1961-62 TO 1980-81 
(IN 000 TONS)
1961-62 1965-66 1969-70 1975-76 1980-81
Rice 9405 10335 11816 12561 13663
Wheat 39 35 103 215 1075
Total 9504 10370 11919 12776 14738
Rice as % 
of total 99 99 99 98 93
Sources: (1) Agricultural Production Levels in Bangladesh, 
( 1947 - 1971), BBS, 1976, GOPRB.
(2) Statistical Yearbook of Bangladesh, 1980,
BSS, GOPRB.
(3) Economic Survey of Bangladesh 1981-82, 
Ministry of Finance and Plannning, GOPRB.
Rate of growth over the period is 2.3% per 
annum.
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TABLE 3.2
TOTAL ACREAGE UNDER FOODGRAIN (RICE AND WHEAT) PRODUCTION
FROM 1961-62 to 1980-81 
(IN '000 ACRES)
Commodities 1961-62 1965-66 1969-70 1975-76 1980-81
Rice 20963 23130 25487 25525 25474
Wheat 145 136 296 371 1461
Total 21108 23266 25487 25896 26935
Rice as %
of total 99 99 99 99 95
Sources : As for Table 3.1
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TABLE 3.3
FOODGRAIN IMPORT INTO BANGLADESH 
FROM 1961-62 TO 1980-81 
(IN '000 TONS)
Year Import Domestic production(DP) Import as % of DP
1961-62 690 9504 7.26
1965-66 923 10370 8.90
1969-70 1547 11919 12.97
1975-76 1445 12776 11.37
1980-81 1061 14738 7.20
Sources : (1) Statistical Yearbook of Bangladesh, 1980, BBS, GOPRB.
(2) Bangladesh Economic Survey, 1981-82, Ministry of
Finance and Planning, GOPRB
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A large part of the increase in foodgrain production was due to 
intensive cultivation rather than increased land area (Raisuddin, 
1977 ), and (Ahmed,N, 1976 )[1] as shown in Tables 3.1 and 3.2. Some of 
the factors relating to this intensification , in particular the 
package of inputs associated with the HYVs are considered in the 
following sections.
3.3 Development of Irrigation in 1961 and 1980
Irrigation is defined the area (acre irrigated using different 
methods such as power pump, tubewells, doons ( indigenous method), 
swing basket (indigenous method), canel etc. As seen in the Table 3.4 
acreage under irrigation increased almost 300% during 1961 to 1980. 
The area under irrigation was only 6.39% of the total cultivated area 
in 1961 which increased to 17.95% in 1980. This substential increased 
in irrigation aereage facilated the use of other modern input package 
as high yielding varities of seeds and use of fertilizer which will be 
discuss in the following subsection.
[1] Nafis Ahmed (1976) mentioned that cultivated area rose by 50 
percent in the first four decades of this century but changed 
little since 1940s and by early 1950s expansion of cultivated 
land virtually ceased.
TABLE 3.4
AREA IRRIGATED 
(IN 000' ACRES)
Year
1961
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
Area
1323
2614
2884
2587
2993
3202
3561
3457
3003
3589
3662
3873
4049
Source:
Agricultural Yearbook of 
Bangladesh 1980, BBS, GOPRB.
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3.4 Adoption of High Yielding Varieties in 1961 and 1980
The major breakthrough in enabling increase in rice cultivation 
in Bangladesh came in 1960s with the introduction of new genetic 
material of HYV of rice from Philippines. These varieties were 
further developed in Bangladesh by the Bangladesh Rice Research 
Institute (BARI) at Joydevpur, north of Dhaka (Rasheed,1977; IBRD, 
1972 ).
Table 3.5 and 3.6 show the acreage and production of HYV of rice 
and wheat from 1967-68 to 1980-81. Both the production and acreage 
increased over the period. HYV variety of rice production was 0.02% 
of the total rice production in 1966-67 which increased to 36.92 % in 
1980-81. Expansion of HYV of wheat was much more spectacular. It was 
26.72 % of the total wheat production in 1972-73 and the share of 
which increased to 95.89 % in 1978-79. In terms of acreage the share 
of HYV of rice was only 0.005 % of the total rice acreage in 1966-67 
and this expanded to 21.28 % in 1980-81. The expansion was more much 
pronounced in case of Boro rice, the share of which was only 0.08 % of 
the total Boro acreage in 1966-67 but increased to 56.81 % of the 
total Boro (local and HYV) acreage in 1980-81. This was mainly 
because Boro rice is a winter crop which depends entirely on 
irrigation water for cultivation. In case of wheat the situation was 
similar. Acreage under HYV of wheat was only 18.65% of the total 
wheat under cultivation in 1966-67 and increased to 89.14 % in
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1978-79. Per acre yield of both rice and wheat of HYV was much higher 
than the local variety as shown in Table 3.7 and this led to an 
increase in the total foodgrain production.
P a g e  29
TABLE 3 . 5
PERCENTAGE OF HYV RICE AND WHEAT 
IN TOTAL PRODUCTION
Y e a r II HYV Aman 11 HYV AUS II HYV BORO II ALL HYV ( R i c e )  11 HYV W h ea t 11
1 9 6 6 - 6 7 11 _ 11 — 11 0 .  19 11 0 . 0 2 II - 11
1 9 6 7 - 6 8 11 - 11 0 . 0 7 11 21 . 12 11 2 . 1 5 11 - 11
1 9 6 8 - 6 9 11 - 11 0 . 8 7 11 3 2 . 3 5 11 4 . 8 8 11 - 11
1 9 6 9 - 7 0 11 0 . 5 3 11 0 . 7 8 11 4 5 . 1 4 11 7 . 8 0 11 - 11
1 9 7 0 - 7 1 11 3 . 5 9 11 3 . 7 0 11 5 4 . 1 5 11 1 3 . 7 2 11 - 11
1 9 7 1 - 7 2 11 1 2 . 2 2 11 5 . 5 1 11 5 5 . 5 8 11 1 8 . 3 2 11 - 11
1 9 7 2 - 7 3 11 1 7 . 5 4 11 7 . 3 5 11 6 4 . 7 0 11 2 5 . 0 4 11 2 6 . 7 2 11
1 9 7 3 - 7 4 11 2 9 . 2 1 11 1 3 . 6 0 11 7 2 . 5 4 11 3 3 . 6 9 11 3 7 . 5 1 11
1 9 7 4 - 7 5 11 1 7 . 8 5 11 2 4 . 3 1 n 7 2 . 4 0 11 3 0 . 5 6 11 4 0 . 5 1 11
1 9 7 5 - 7 6 11 1 7 . 1 5 11 2 6 . 5 6 11 7 1 . 4 3 11 2 9 . 4 5 11 7 9 . 1 5 11
1 9 7 6 - 7 7 11 1 3 . 0 0 11 2 7 . 4 0 11 7 2 . 3 6 11 2 5 . 2 2 11 8 8 . 3 2 11
1 9 7 7 - 7 8 11 7 . 5 6 11 2 8 . 5 8 11 6 6 . 4 1 11 2 3 . 0 4 11 9 3 . 3 8 11
1 9 7 8 - 7 9 11 1 1 . 3 6 11 2 8 . 7 1 11 7 1 . 4 9 11 2 5 . 0 4 11 9 5 . 8 9 11
1 9 7 9 - 8 0 11 2 3 . 3 9 11 2 9 . 5 5 11 7 7 . 5 4 11 3 5 . 2 5 11 - 11
1 9 8 0 - 8 1 11 2 5 . 8 8 11 3 2 . 6 8 11 7 5 . 7 6 11 3 6 . 9 2 11 — 11
S o u r c e s  : ( 1 )  Y e a r b o o k  o f  A g r i c u l t u r a l  S t a t i s t i c s  o f  B a n g l a d e s h ,
1 9 7 9 - 8 0 ,  BBS, GOPRB.
( 2 )  S t a t i s t i c a l  Y e a r b o o k  o f  B a n g l a d e s h ,  1 9 8 1 ,  BSB, GOPRB.
( 3 )  R a s h e e d  ( 1 9 7 7 ) ,  T a b l e  3 ,  p . 2 3 .
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TABLE 3 . 6
PERCENTAGE OF HYV RICE AND WHEAT 
IN TOTAL ACREAGE.
Y e a r II HYV Am a n II HYV AUS 11 HYV BORO 11 ALL HYV ( R i c e )  11 HYV W h e a t  11
1 9 6 6 - 6 7 - 11 - 11 0 . 0 8 11 0 . 0 0 5 II - 11
1 9 6 7 - 6 8 11 - 11 0 . 0 3 11 1 0 .  17 11 0 . 6 5 11 - 11
1 9 6 8 - 6 9 11 - 11 0 . 2 2 11 1 7 . 8 5 11 1 . 5 6 11 - 11
1 9 6 9 - 7 0 11 . 2 0 11 0 . 5 1 11 2 6 . 5 5 11 2 . 5 6 11 - 11
1 9 7 0 - 7 1 11 1 . 4 4 11 1 . 0 1 11 3 5 . 3 4 11 4 . 6 4 11 - 11
1 9 7 1 - 7 2 11 4 . 6 8 11 1 . 6 3 11 3 6 . 3 8 11 6 . 7 1 11 - 11
1 9 7 2 - 7 3 11 9 . 7 7 11 2 . 2 6 11 4 4 . 7 0 11 1 1 . 0 6 11 1 8 . 6 5 S 11
1 9 7 3 - 7 4 11 1 4 . 4 6 11 4 . 2 8 11 5 6 . 7 4 1! 1 5 . 6 7 11 2 3 . 7C) 11
1 9 7 4 - 7 5 11 9 . 2 0 n 8 . 9 0 11 5 5 . 9 4 11 1 4 . 8 0 11 2 6 . 3 : > 11
1 9 7 5 - 7 6 11 9 . 6 7 11 1 0 . 3 1 11 5 5 . 9 4 11 1 5 . 0 2 11 5 8 . 7 1  11
1 9 7 6 - 7 7 11 7 . 2 9 11 1 1 . 3 3 11 5 7 . 5 3 11 1 2 . 9 5 11 7 2 . 7 5 3 11
1 9 7 7 - 7 8 11 3 . 9 9 11 1 2 . 2 0 11 5 3 . 8 3 11 1 2 . 0 1 11 8 3 . 3 ' 1 11
1 9 7 8 - 7 9 11 6 .  16 11 1 2 . 8 3 11 5 6 . 5 9 11 1 3 . 5 7 11 8 9 . 1<1 11
1 9 7 9 - 8 0 11 1 4 . 5 9 11 1 3 . 2 6 11 5 5 . 1 2 11 1 9 . 6 6 11 - 11
1 9 8 0 - 8 1 11 1 5 . 9 3 11 1 5 . 6 1 11 5 6 . 8 1 11 2 1 . 2 8 11 - 11
S o u r c e s  : Same  a s  T a b l e  3 . 5
TABLE 3.7
YIELD OF LOCAL AND HYV RICE AND WHEAT 
IN 1978-79 
(IN lbs PER ACRE)
Commodities Local HYV
Am an 1095.81 2139.00
Aus 751.91 2061.32
Boro 1055.89 2084.67
Wheat 629.70 1791.30
Sources : Calculated from the Statistical 
Yearbook of Bangladesh, 1980, 
BBS, GOPRB.
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3.5 Use of Fertilizer in 1961 and 1980
There is no doubt that the development of HYV contributed 
significantly to the increase in grain production over the period. 
However, HYV primarily based on seed-fertilizer-irrigation technology 
requires higher doses of fertilizer than traditional varieties. So it 
is not surprising that the use of fertilizer also incraesed markedly 
over the same period. As may be seen in Table 3.8, per acre use of 
fertilizer in 1961-62 was only 6.08 lbs which increased to 81.81 lbs
in 1979-80, representing an increase of 1432.71 %.
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TABLE 3.8
CONSUMPTION OF CHEMICAL FERTILIZER IN 
RICE AND OTHER CROPS IN BANGLADESH 
FROM 1961-62 TO 1979-80.
Year Production 
(000 tons)
Consumption per acre 
(lbs)
1961-62 52.17 6.02
1962-63 58.85 6.08
1963-64 104.16 10.60
1964-65 94.30 9.58
1965-66 106.20 10.65
1966-67 160.10 15.99
1967-68 208.70 20.80
1968-69 222.80 22.26
1969-70 277.11 27.60
1970-71 304.37 30.48
1971-72 243.82 38.20
1972-73 384.32 37.77
1973-74 379.88 27.75
1974-75 279.57 45.44
1975-76 457.59 50.93
1976-77 512.59 71.49
1977-78 709.05 69.91
1978-79 709.17 79.62
1979-80 799.62 81.81
Sources : (1) Yearbook of Agricultural Statistics 
of Bangladesh, 1979-80, BSB, GOPRB.
(2) Statistical Yearbook of Bangladesh, 
1981, BBS, GOPRB.
(3) Ahmed (1977), Appendix 1.3b, p.140.
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3.6 Patterns of Land Use
Land use patterns in 1961 and in 1977 are shown in Table 3.9. 
Cultivated area increased over the period 1961-1977 by about 1.78%. 
Net sown area (NSA) also increased by 1.76%. The intensity of land 
use can be observed from the increase in the gross cropped area. It 
was 27.88 million acres in 1961 which increased to 31.65 million acres 
in 1977. The percentage increase of NSA over the period was 13.5% 
which means that the cropping intensity increased from 148% in 1961 to 
165% in 1977. Both uncultivated areas and culturable waste[2] was 
reduced by 4.35% and 42.77% respectively during this period.
TABLE 3.9
PATTERN OF LAND USE IN BANGLADESH 
1961 AND 1977 
(000 ACRES)
Land Use 1961 1977 % Change
Cultivable Area 19609 19749 0.7
Cultivated Area 19138 19749 1.78
Net Sown Area 18848 19179 1.76
Current Fallow 290 301 3.79
Uncultivated Area 2588 2480 -4.35
Culturable Waste 470 269 -42.77
Intensity of land Use 148 165 17.00
Total Gross Cropped Area 27881 31645 13.5
Geographical Area 35281 35281 0
Source : Report of the Agricultural Census of Bangladesh 
1977, National Volume, 1981, BBS, GOPRB.
Note : The figure of 1960 has been taken as the figure for 1961.
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From the above discussion it may be argued that while increase in 
production was partly due to increase in acreage of cultivated land, a 
large part was due to increase in productivity of existing acreage. 
This in turn was possible due to increase in HYV along with use of 
irrigation and fertilizer. However, for our purpose of analysis it 
remains useful to see whether this pattern has caused any change in 
the relative use of land and labour in Bangladesh. The following 
section examines in particular, whether HYV technology has absorbed 
more labour.
3.7 Relative Use of Factor Endowments
The use of the term factor endowments means the relative use of 
land and labour during the period 1961 and 1977. The hypothesis 
postulated here is that relatively more labour inputs were being 
utilised in the late seventies than in the early sixties.
It is argued that the use of relative factor endowments are 
dependent on the relative price ratio. If the price of land and 
labour changes, so that labour became cheaper than land, then more
[2] Culturable waste is the farm area which is suitable for 
cultivation but which was not cropped either during the census 
year or the preceeding year(Report of Agricultural Census of 
Bangladesh 1977 )
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labour would be used for per unit of output.
Another possible cause for relative change in the factor 
endowments is the technological bias in the production process. 
Technological change takes place in response to the change in relative 
factor prices (Hayami and Ruttan, 1971; Binswanger, 1978). Both 
these possibilities will be considered in order to test the hypothesis 
that the use of labour was greater than that of land in the production 
process in 1977 than 1961.
3.7.1 Relative Price of Labour
In order to measure the relative cost of labour over the period, 
real wage rate will be considered as the index of measurement. Daily 
wage rate of agricultural workers and retail price of rice were taken 
as measures of real wage rate. As shown in Table 3.10 real wage per 
day in 1961 was TK. 2.88 which fluctuated little in 1963 and 1964 but 
declined steadily throughout the later sixties and up to the mid 
seventies. After 1976 the real wage recovered a little but remained 
below that of 1961 level until 1980. This picture can be viewed more 
clearly from the index of the real wages as shown in Appendix Table 
3.1 which is plotted in Appendix Figure 3.1. Taking 1961 as the base 
year, it has been observed that money wage increased nearly six times
but the retail price of rice increased more than seven times which led
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to a fall in real wage from 100 in 1961 to 84 in 1980. These findings 
are consistent with earlier findings (Khan, 1977; Bose, 1968; Clay 
1976 ) [3] .
I1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
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TABLE 3.10
REAL WAGE RATE OF THE AGRICULTURAL WORKER 
OF BANGLADESH FROM 1961 TO 1980
Money wage Retail price of Real wage in terms
TK. daily rice of rice equivalent
TK. mound
II III IV
2.18 30.21 2.88
2.25 32.22 2.79
2.41 28.96 3.32
2.65 29.80 3.55
2.34 35.95 2.60
2.40 45.10 2.12
2.60 42.50 2.44
2.75 46.23 2.37
3.12 44.78 2.78
2.98 48.00 2.48
3.15 57.20 2.20
4.72 89.60 2.21
6.69 126.00 2.12
9.05 250.00 1.44
8.82 162.40 2.17
8.93 140.40 2.54
9.44 176.00 2.14
10.88 188.00 2.31
12.46 257.20 1.93
13.97 230.80 2.43
: Col II, Year 1961 to 1971 taken from Clay(1976)
Table 1, Year 1972 to 1980 Statistical Yearbook 
of Bangladesh, 1981, BBS, GOPRB.
Col III, Year 1961 to 1969 taken from Ahmed (1977)
Table 2.3, year 1970 to 1980 Statistical Yearbook 
of Bangladesh, 1981, BBS, GOPRB.
* Represents abnormal year where the production level 
was at the lowest because of severe flood and there 
was a famine in some parts of Bangladesh (Stepnek, 1979; 
Ali, 1974)
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3.7.2 Relative Price of Land
In the land-scarce economy of Bangladesh, where the pressure on 
land is increasing continuously, the natural consequences of rapid 
increase in price of land is shown in Table 3.11 Considering any type 
of land in the rural areas, the price of land increased at least seven
to nine times during 1969-1980. Data from 1969-70 to 1980-81 show
that, during this period, the price of non-irrigated, single-cropped
land increased nearly 687 percent whereas that of multicropping
irrigated land increased by 817 percent.
From the analysis above it shows that the relative price ratios 
of land and labour have changed markedly during the period 1961-1980. 
The price of labour was relatively cheaper in 1980 than in 1961, 
whereas the price of land was much higher in 1980 than in 1961. In 
the following technological aspect of the use of factor endowments 
will be discussed.
[3]Khan (1977), in considering the period from 1948 to 1975, 
found that : (a) during the late 1940s and early 1950s wage rate 
declined sharply; (b) for about a decade thereafter there was a 
steady rise; and, (c) after 1964 the wage rate steadily declined 
again.
Bose (1968) studied the real wage of the rural poor of the then 
East Pakistan for the period 1949 to 1966 and concluded that, 
except for a slight improvement in 1961, 1963 and 1964, the real 
wage remained below the level of 1949.
Clay (1976) also studied the period from 1960 to 1975 and found 
that the record year production of 1969/70 failed to bring the 
real wage back to the level of 1963/64. The later upsurge in 
production still left the real wage in 1975 30% below the 1969/70 
level. In general, he concluded that the real wage rate of the 
agricultural labourers had decreased over the period from 1960 to 
1975.
I1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
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TABLE 3.11
REAL WACE RATE CF THE AGRICULTURAL WORKER 
CF BANGLADESH FROM 1961 TO 1980
Money wage Retail price of Real wage in terms
TK. daily rice of rice equivalent
TK. mound
II III IV
2. 18 30.21 2.88
2.25 32.22 2.79
2.41 28.96 3.32
2.65 29.80 3.55
2.34 35.95 2.60
2.40 45.10 2. 12
2.60 42.50 2.44
2.75 46.23 2.37
3. 12 44.78 2.78
2.98 48.00 2.48
3. 15 57.20 2.20
4.72 89.60 2.21
6.69 126.00 2. 12
9.05 250.00 1.44
8.82 162.40 2. 17
8.93 140.40 2.54
9.44 176.00 2. 14
10.88 188.00 2.31
12.46 257.20 1.93
13.97 230.80 2.43
: Col II, Year 1961 to 1971 taken from Clay(1976)
Table 1, Year 1972 to 1980 Statistical Yearbook 
of Bangladesh, 1981, BBS, QOPRB.
Col III, Year 1961 to 1969 taken from Ahmed (1977)
Table 2.3, year 1970 to 1980 Statistical Yearbook 
of Bangladesh, 1981, BBS, GOPRB.
* Represents abnormal year where the production level 
was at the lowest because of severe flood and there 
was a famine in some parts of Bangladesh (Stepnek, 1979; 
Ali, 1974).
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3.8 Technological Change
The term technological change means increasing use of modern 
inputs, such as fertilizer, HYV seeds, tractors, mechanical 
harvesters, threshers, irrigation facilities and pesticides, which 
lead to more output per acre and more output per worker. As discussed 
in the previous Chapter the use of modern improved packages such as 
fertilizers, irrigation and HYV increased several-fold with the advent 
of the green revolution in Bangladesh during the mid-sixties.
Micro-level studies in Bangladesh suggest that the use of 
irrigation, new varieties of seeds such as IR-8, IR-5, IR-20 and the 
application of fertilizer increased the demand for labour by at least 
30% (Ahmed, I, 1974, 1981; Mukatada, 1975; Smith, 1975). Studies in 
India (Clay, 1975; Mellor and Lele, 1973) also produced similar 
results. In Bangladesh, the macro-level data have shown that land 
saving technology i.e use of fertilizer (Hayami and Ruttan, 1971) and 
labour using technology such as HYV seeds and irrigation have taken 
place. But no technology such as the mechanical harvester and 
thresher, which by nature are labour replacing technologies, have been 
used. This induced technological change occurred in Bangladesh mainly 
in response to relative changes in factor prices. This technological 
change has enabled an increase in the output per unit of land 
(Boserup, 1981) but not output per unit of labour as is the case in
developed countries like America and Australia. The patterns in
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Bangladesh are consistent with the agricultural sectors of most of the 
developing countries in Asia which are characterised by scarce 
capital, limited land and abundant labour (Jayasuriya and Shand, 
1983). Therefore, both from technological aspect and from change in 
the relative price would lead us to expect that there would be a rise 
in the use of labour per unit of land. In Table 3.13 following, the 
increase in the number of worker per cropped area is illustrated.
3.9 Land and Labour Productivity
In order to measure the average productivity of land and average 
and marginal productivity of labour, the methodology used by Robinson 
(1969) is followed here. In calculating the gross value of output 
nine major crops, as suggested by Hossain (1979), were taken into 
account. They are three varieties of rice and wheat as cereals, jute 
and sugarcane as cash crops, masur as pulses, rape and mustard as 
oilseeds and potatoes as vegetables. These crops accounted for more 
than 90% of the total sown area in 1977. Farmgate prices of 1977-78 
is taken as constant prices. Rural male population was considered 
here as proxy for the agricultural labour force as done by Hayami and 
Ruttan (1971) due to the non-availability of any reliable data on the
agricultural labour force for the year 1961 and 1977.
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Table 3.12 shows the value per acre of the districts of 
Bangladesh for 1961 and 1977. Overall value per acre, i.e. land 
productivity, increased over the period . It was Tk.978 in 1961 which 
increased to Tk.1164 in 1977. Table 3.13 shows the number of 
agricultural workers per cropped acre. As population increased over 
time per capita acreage also reduced. In other words agricultural 
workers per cropped area increased over time. It was 0.89 workers per 
cropped acre in 1961 which increased to 1.14 workers in 1977. As a 
result of which average productivity per worker decreased. Average 
productivity per worker in 1961 was TK. 1099 which dropped to TK. 
1019 in 1977 as shown in Table 3.14.
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TABLE 3.12
VALUE OP OUTPUT PER WORKER 
BY DISTRICT 
1961 AND 1977
1961 1 1977
District Rural
male pop. 
('000)
Gross value 
of output 
(*000 Ik.)
Value per 
rural male 
(Ik.)
Rural Gross value 
male pop. of output 
(’000) ('000 Tk.)
Value per 
rural male 
(Ik.)
Dhaka 2225 178337 802 2999 2650635 884
Mymenshing 3513 4922833 1401 5077 7925157 1561
Faridpur 1583 146357 920 2165 1546805 714
Chittagong 1338 954254 713 1899 1598228 842
Chittagong OT 195 184915 948 289 224070 775
Noakhali 1187 819343 692 1721 1585119 921
Camilla 2168 2183452 1007 3095 2651663 857
Sylhet 1768 1811717 1025 2545 2220954 873
Rajshahi 1376 2040745 1483 2229 2297810 1031
Dinajpur 863 1114764 1292 1401 2346735 1675
Rangpur 1883 2283320 1213 2851 2677987 939
Bogra 781 1009843 1293 1188 1257249 1058
Pabna 954 1278057 1340 1462 1338503 916
Khulna 1177 1222067 1038 1674 1328321 794
Barisal 2119 2357399 1113 2871 2347181 818
Jessor 1096 1206264 1101 1732 1878843 1085
Kushatia 572 626558 1095 969 971948 1003
Bangladesh 24798 27255264 1099 36162 36847208 1019
Sources : Calculated from Tables 3.11 and 3.12
Page 45
TABLE 3.1 3
NUMBER OF AGRICULTURAL WORKERS 
PER CROPPED ACRE,
1961 AND 1977.
1961 1 1977
District Cropped Rural male 
area workers
('000 acre) (’000)
Wbrkers per 
cropped 
area (acre)
Cropped Rural male Workers per 
area workers cropped
('000 acre) (’000) area (acre)
Dhaka 1961 2225 1.13 2052 2999 1.46
Mymenshing 4498 3513 0.78 4902 5077 1.03
Faridpur 1943 1583 0.81 2040 2165 1.06
Chittagong 778 1338 1.72 1051 1899 1.81
Chittagong HT 249 195 0.78 275 289 1.05
Noakhali 963 1187 1.23 1145 1721 1.50
Ccmmilla 1513 2168 1.43 1910 3095 1.62
Sylhet 1608 17687 1.10 1894 2545 1.34
Rajshahi 2111 1376 0.65 2265 2229 0.98
Dinajpur 1323 863 0.65 1655 1401 0.85
Rangpur 2706 1883 0.70 3015 2851 0.95
Bogra 943 781 0.83 1009 1188 1.18
Pabna 1277 954 0.75 1423 1462 1.03
Khulna 1142 1177 1.03 1341 1674 1.25
Barisal 2353 2119 0.90 2843 2871 1.01
Jessor 1665 1096 0.66 1874 1732 0.92
Kushatia 848 572 0.67 951 969 1.01
Bangladesh 27881 24789 0.89 31647 36162 1.14
Sources : (1) Report on the Agricultural Census of Bangladesh, 1977,
(National Volume), BBS, GCPRB.
(2) Agricultural Census of East Pakistan, 1960, Vol. 2, GOP.
Rural population of 1977 has been calculated 
by interpolation from the actual population from 1974 to 
1981. Male rural population has been calculated on the 
basis of 1974 sex ratio. There was no change of sex 
ratio from 1961 to 1974.
Notes :
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TABLE 3.1/^.
VALUE OF OUTPUT PER ACRE 
BY DISTRICT 
1961 AND 1977
1961 1 1977
District Cropped 
area
('000 acre
Gross value 
of output 
) ('000 Tk.)
Value per 
acre 
(Tk.)
Cropped
area
('000 acre]
Gross value 
of output 
1 ('000 Tk.)
Value pel 
acre 
(Tk.)
Dhaka 1961 178337 904 2052 2650635 1297
Mymenshinq 4498 4922833 1095 4920 7925157 1617
Faridpur 1943 146357 750 2040 1546805 758
Chittagong 778 954254 1227 1051 1598228 1521
Chittagong ITT 249 184915 742 275 224070 815
Noakhali 963 819343 851 1145 1585119 1384
Camilla 1513 2183452 1443 1910 2651663 1388
Sylhet 1608 1811717 1126 1894 2220954 1173
Ra jshahi 2111 2040745 967 2265 2297810 1014
Dinajpur 1323 1114764 B42 1655 2346735 1418
Rangpur 2706 2283320 844 3015 2677987 888
Bogra 943 1009343 1071 1009 1257249 1246
Pabna 1277 1278057 1001 1423 1338503 941
Khulna 1142 1222067 1070 1341 1328321 991
Barisal 2353 2357399 1002 2843 2347181 825
Jessor 1665 1206264 725 1874 1878843 1003
Kushatia 848 626558 739 951 971948 1022
Bangladesh 27881 27255264 978 31647 36847208 1164
Sources : (1) Report on the Agricultural Census of Bangladesh, 1977,
(National Volune), BBS, GOPRB.
(2) Agricultural Census of East Pakistan, 1960, Vol 2, GOP.
Farmgate prices of 1977-78 taken as constant prices.
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From the above empirical evidence it appeared d that both the 
average and marginal productivity of labour decreased over time. This 
relationship was tested using a functional form in which productivity 
per worker (P) was the dependent variable and workers per acre (Y) was 
the independent variable. The estimated output per worker and 
marginal output per worker are given in Tables 3.15 and 3.16. As 
shown in the Tables the range of marginal products in 1961 was TK. 
907 to TK. -106 but this range became less in 1977, ranging from TK. 
758 to TK. 108 and there is no negative value as in 1977. These 
values have been plotted in Appendix Figures 3.2 and 3.3. In both 
cases the marginal and average product curves of 1977 were flatter 
than in 1961 which shows that the average and marginal productivity of 
labour decreased from 1961 to 1977. But the actual output per worker 
was higher than expected output per worker in the districts of 
Mymemshing, Barisal and Rangpur in 1977. This finding is consistent 
with the earlier findings of Robinson for the then East Pakistan for
the period 1951 to 1961 (Robinson,1969 )
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TABLE 3.15
ACTUAL AND ESTIMATED OUTPUT 
PER WORKER IN 1961
District Workers per 
acre 
(Y)
Actual output 
per worker 
(TK. )
Estimated output 
per worker 
(X)
Estimated 
marginal 
output per 
worker(TK.)
Raj shahi .65 1483 1237
Dinajpur .65 1292 1237
Jessor . 66 1101 1232 907
Kushita .67 1095 1227 897
Rangpur .70 1213 1211 853
Pabna .75 1340 1184 806
Mymenshing .78 1401 1168 768
Chittagong HT .78 948 1168 768
Faridpur .81 92 0 1152 736
Bogra .83 1293 1141 696
Barisal .90 1113 1103 652
Khulna 1.03 1038 1033 548
Sylhet 1. 10 1025 996 452
Dhaka 1. 13 802 980 393
Noakhali 1.23 692 926 315
Comilla 1.43 1007 819 161
Chittagong 1.72 713 663 -106
Bangladesh .89 1090 - -
Sources : Tables 3.12, 3.13 and 3.14.
P = 1586.15 - 563.57 (Y)
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TABLE 3.16
ACTUAL AND ESTIMATED OUTPUT 
PER WORKER IN 1977
District Workers per 
acre 
(Y)
Actual output 
per worker 
(TK. )
Estimated output 
per worker 
(X)
Estimated 
marginal 
output per 
worker(TK.)
Dinajpur .85 1675 1113
Jessor .92 1085 1083 758
Panna .95 939 1075 738
Raj shahi .98 1031 1063 683
Barisal 1.01 1818 1051 659
Kushita 1.01 1003 1051 659
Mymenshing 1.03 1561 1043 639
Pabna 1.03 916 1043 639
Chittagong HT 1.05 775 1036 675
Faridpur 1.06 714 1032 612
Bogra 1. 18 1058 985 570
Khulna 1.25 794 958 503
Sylhet 1.34 873 92 3 437
Dhaka 1.46 884 876 351
Noakhali 1.50 921 860 276
Comilla 1.62 857 813 225
Chittagong 1.81 842 739 108
Bangladesh 1.81 1019 - -
Sources : Tables 3.12, 3.13 and 3.14
P = 1444.65 - 389.60 (Y)
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3.10 Conclusion
It has been shown that total foodgrain has increased during the 
period 1961 to 1980 and the use of modern input packages such as 
irrigation, fertilizer and high yielding varieties seeds also 
increased substantially during this period. It was also evident that 
relative use of the factor labour was greater in late seventies than 
in early sixties because of labour was relatively cheaper and there 
was a technological change towards the use of more labour. And 
finally, it has also been found that land productivity increased over 
the period and at the same time both average and marginal productivity 
of labour declined.
In the next chapter the intensity of population pressure and the 
relationship between population growth and agricultural
intensification will be discuss.
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CHAPTER FOUR
INTENSITY OF POPULATION PRESSURE AND 
RELATIONSHIP BETWEEN POPULATION GROWTH 
AND AGRICULTURAL INTENSIFICATION.
4.1 Introduction
The preceeding chapter showed how agriculture in Bangladesh has 
been intensified over time in terms of use of land, labour and modern 
inputs like irrigation, HYV and fertilizer. Boserup suggested that 
the growth of population plays a deterministic role in agricultural 
intensification. The purpose of this chapter is to examine this 
relationship. This chapter reviews the trends of population growth, 
intensity of population pressure on land and finally the relationship 
itself.
4.2 Trends of Population Growth
The population of Bangladesh according to the 1961 was 50.84 
million which increased to 87.05 million by 1981, an increase of 
71.72% during the period 1961-81. Two kinds of population growth 
rates have been calculated: compound and exponential growth rates.
The compound growth rate was 2.73 % per annum and the exponential 
growth rate was 2.69 % per year. The details are shown in Appendix
Table 4.1.
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Most of the population is living in the rural area in Bangladesh. 
Only four countries viz, China, India, Indonesia and USSR have a 
larger rural populations. Only three - China, India and Indonesia 
have larger numbers who directly depend on agriculture for their 
living (Khan, 1977). According to the Preliminary Report of 
population Census of Bangladesh, the rural population of the country 
in 1981 was 77.78 million which was 89.35 % of the total population. 
The percentage of rural population in 1961 was 94.8 %. The absolute 
increase in rural population over the period was 61.38 %. The rural 
population grew at a compound rate of 2.42 per annum and 2.39 % in 
exponential terms. The details are shown in Appendix Table 4.2.
4.3. The Intensity of Population Pressure
The index of population pressure on land can be expressed in 
various ways. For the purposes of the present study two types of 
population pressure indexes will be used in the analyses:
(1) The index of population pressure on land in terms 
of food requirements.
(2) The index of population pressure on land in terms 
of required per capita availability of cropped acreage.
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In analysing (1), the methodology used by Rasheed (1977) will be 
followed, and for (2) the techniques used by Das (1973) will be 
followed.
4.3.1 The intensity of Population Pressure on Land in Terms of Food 
requirements
The intensity of population pressure on land (PPL) can be viewed 
as Rasheed (1977) has done as:
I =(Af/Pd)/K
where 1= Index of population pressure on land
Af= Total net annual foodgrain production of the 
district
Pd= Total population of the district 
K=Per capita annual requirement of rice.
In analysing the PPL Rasheed (1977) has considered only rice 
production as the foodgrain production, but the present study takes 
into consideration both rice and wheat as foodgrain production. 
Rasheed calculated the annual per capita requirement of foodgrain (K) 
to be 370lbs of rice per person per year but, on the basis of the 
following two assumptions, I have calculated it to be 435 lbs and 416
lbs [1]
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The index of population pressure on land (I) was calculated 
considering both the assumptions for all 17 districts for 1961 and as 
well as for 1977 as shown in Tables 4.1 and 4.2. Two sets of I value 
can be observed. One set where the score of I is more than one and 
the other one where the score is less than one. The district with 
score exceeding one are considered to be surplus districts i.e per 
capita food availabilities are more than the per capita food 
requirement. The districts with score less than one are considered to 
be deficit districts i.e. per capita food availability is less than 
per capita food requirements. Score one would imply that the district 
balances its food demand with its supply.
[1] Two types of per capita consumption requirements will be 
considered here, one by National Nutrition Survey of Rural 
Bangladesh (NNSRB, 1975) and the other estimated by FAO.
Assumption no 1
The National Nutrition Survey of Rural Bangladesh (1975) has 
estimated the average national requirement for all age and sex to 
be 2248 calories per day.Cereals provide 86 percent of total 
calories and 75 percent of the total protein. Rice and wheat 
alone provide approximately 99 percent of the cereal 
requirements. Other minor cereals are barley, jowar and bajra. 
The production of all these minor cereals combined would be less 
than one percent of the total cereals produced. Rice alone 
contributes to 94 percent of the cereal consumption. Cereals 
contribute to 86 percent of the total calories which comes to 
1933 calories person per day of which rice and wheat contribute 
99 percent i.e. 1914 calories. One hundred grams of mill rice 
contains 354 calories. Therefore 1 gram of mill rice contains 
3.54 calories. Accordingly, 540.66 grams of rice will be 
required to meet 1914 calories per person per day. This means 
that yearly requirements of cereals per person is 435 lbs.
Assumption no 2
According to the FAO, a person in Bangladesh requires 2150 
calories per day (Khan 1977). Eightysix percent of this is 
derived from cereals. Hence, the yearly requirements of cereals 
per person is 416 lbs.
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Under first assumption 5 districts belonged to the category of 
surplus districts and under the second assumption 7 districts belonged 
to this category in 1961. The corresponding figure for 1977 was 2 and 
5 respectively. The overall score for Bangladesh for both the years 
was less than one, which implies that the country as a whole was 
facing a food shortage.
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The intensity of PPL in terms of foodgrain production is shown in 
Table 4.3. The districts whose score is more than 1 are considered to 
be null intensity districts, which means that the districts are 
capable of maintaining their population in terms of food requirements. 
The districts whose score is less than 1 are grouped into four 
categories, very high (.40 to .54), high (.55 to .69), medium (.70 to. 
84) and low (.85 to .99), representing different types of intensities. 
As shown in Table 4.3 under assumption 1 , only one district was in 
the very high category in 1961, but there were 2 in 1977. Considering 
the same assumption in 1961, 3 districts fell into the category of 
moderate intensity districts which increased to 5 in 1977. When 
considering assumption 1 in 1961, 7 districts were considered to be 
null intensity which reduced to five in 1977. Considering assumption 
2, none of the districts fell into the high intensity category in 
1961, but there was at least 1 district in this group in 1977. In 
general, it can be inferred that the intensity of population pressure 
on land in terms of foodgrain requirements was much more severe in 
1977 than in 1961 which is reflected through increasing amounts of 
foodgrain imports. It is considered that without any radical adoption 
of modern food production technology, the districts which are in the 
surplus category will be unable to maintain present levels in the
future (Rasheed, 1977).
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TABLE 4.3
RELATIVE INTENSITY OP POPULATION PRESSURE ON LAND IN TERMS 
OF FOODGRAIN REQUIREMENTS IN 1961 AND 1977 
(NUMBER OF DISTRICTS IN EACH CATEGORY)
Assumptions Very high intensity 1 High intensity 1 Maderate intensity I Lew intensity I Null intensity
(.40 to .54) 1 (.55 to .69) 1 (.70 to .94) 1 (.85 to .99) ( .99 to higher) I
1961 I 1977 1 1961 I 1977 1 1961 1 1977 1 1961 I 1977 1 1961 I 1977 |
Assumption 1 1 2 3 3 3 5 5 5 5 2 1
Assumption 2 1 2 1 6 6 3 3 7 5 I
Source : (1) Calculated from Tables 4.1 and 4.9.
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TABLE 4.4
RELATIVE PRESSURE OF" POPULATION! ON LAND IN TERMS 
CF CROPPED AREA IN 1961 AND 1977
1961 1 1977
District PoDulation Per capita Relative Population Per capita Relative
T S A(a) coefficient T S A(a) coefficient
'000 acre of Over Pop.,(b) '000 acre of over Pop.(b
Dhaka 5096 .45 2.22 8574 .35 2.85
Mymenshing 7019 .66 1.51 10374 .50 2.00
Faridpur 3179 .62 1.61 4350 .48 2.08
Chittagong 2983 .30 3.33 4780 .28 3.44
Chittagong H.T. 385 .69 1.45 600 .49 2.04
Noakhali 2383 .41 2.44 3470 .34 2.94
Camilla 4389 .36 2.77 6252 .32 3.13
Sylhet 3490 .47 2.13 5122 .38 2.63
Rajshahi 2811 .78 1.28 4670 .52 1.92
Dinajpur 1710 .81 1.23 2882 .61 1.64
Ranjpur 3796 .74 1.35 5871 .54 1.85
Bogra 1574 .62 1.61 2428 .43 2.33
Pabna 1959 .69 1.45 3059 .50 2.00
Khulna 2449 .50 2.00 3879 .41 2.44
Rarisal 4262 .57 1.75 5957 .51 1.96
Jessor 2190 .79 1.27 3493 .55 1.82
Kushata 1166 .77 1.30 2041 .50 2.00
Bangladesh(al1) 50B41 .58 1.72 77781 .45 2.2?,
Excluding CUT 50455 .55 1.82 77181 .41 2.44
Sources : (1) Census of Pakistan Population, 1961, Vol 2, OOP.
(2) Preliminary Report on Population Census of Bangladesh, 1981, BBS, GOPRB.
(3) Report cn the Agricultural Census of Bangladesh, 1977, ( National Volume)
BBS , 1981, GOPRB.
(a) T S A stands for total sown area.
(b) Relative coefficient of Over Population las been calculated cn the basis of
one acre of cropped land assumed to be necessary for one person per year (Mukherjee, 1938).
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4.3.2 The Intensity of Population Pressure on Land in Terms of Optimum 
Requirement of per cropped Acre
The intensity of population pressure on land can be viewed from 
the index of relative coefficient of over-population as done by Das 
(1973) as:
P=K/L
where P= index of over population
K=per capita requirement of cropped acre
L=per capita availability of total cropped acre of the
district.
This method was applied in the Indian States of Bihar and Assam by Das 
(1973) and Das (1979), respectively. The score of P has been 
calculated for all the districts, and for the years 1961 and 1977, on 
the basis of K=1 acre which is assumed to be the minimum requirement 
for survival of one person for one year [2].
When the value of P equals unity the district is considered to be 
sufficiently productive enough to maintain its population in terms of 
required amount of cropped land. The value of P for each district was 
calculated as shown in Table 4.4. It can be seen that the country was 
highly overpopulated both in 1961 and 1977, as the value of P was 
substantially above the unity in both the years. In 1961 the value of 
P was 1.72 for the whole country and 1.82 excluding CHT; whereas in
1977 the value of P increased to 2.22 with CHT and 2.44 without CHT.
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Therefore from the value of P, it can be concluded that the intensity 
of population pressure in terms of the minimum requirements of cropped 
land were much more severe in 1977 than in 1961, although for both 
periods the country as a whole was considered to be overpopulated.
[2] Although the assumption is 1 acre of cropped land as a 
minimum requirement for one person per year, it is not a 
realistic assumption for the country as a whole. The natural 
fertility of land is not uniform throughout the country. Apart 
from natural land fertility, use of modern inputs such as 
chemical fertilizers, irrigation facilities and pesticides 
increases the productivity of land to a great extent. Again the 
use of these modern inputs are not evenly distributed throughout 
the country. For example , the districts of Dhaka, Chittagong, 
Comilla, Bogra, Noakhali, and Kushatia account for only 23% of 
the cultivated area but these districts consume about 52% of the 
all fertilizer used in the country (Rasheed 1977). Again 
districts like Dhaka, Comilla, Noakhali, South Faridpur and 
Barisal, which lie on either side of Jumana River, along the old 
Bramaputra River and down to the Meghna River have more fertile 
land than the north and northwest districts such as Pabna, 
Rajshahi, Dinajpur, Bogra and Rajshahi (Ahmed, N, 1978). 
Therefore, the productivity of land in these two areas is bound 
to differ. Yet on the assumption of one acre of cropped land per 
person per year, we would have a general idea of population 
pressure during the periods 1961 and 1977.
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4.4 Relationship Between Population Growth and Agricultural 
intensification.
Having seen agricultural intensification in Chapter three and 
intensity of population pressure both in terms of food requirements 
and per capita availability of cropped acreage in section 4.3, we are 
now in a position to link intensity of population pressure with 
agricultural intensification. For our purpose irrigation divided by 
total land of the district [3] will be considered as proxy variable 
[4] of intensification as done by Simon (1975) in the cross section 
sample of 37 developing countries (18 Asian countries and 19 African 
countries). Isfahani (1977) also conducted a similar study in Iran. 
Both the studies showed similar conclusions. In the case of cross 
country study by Simon, it was found that irrigation system building 
as an function of population density on cultivated land area showed a 
strong positive effect (Simon, 1975). In the Iran case Isfahani 
concluded that positive relationship existed between population 
density and irrigation intensity. (Isfahani, 1977). In this study 
the analytical technique of Simon (1975) would be followed.
Irrigation divided by the total land of the district (I) is used 
here as a dependent variable. Rural population divided by the total 
land (P11,P21)* of the district is the main independent variable. 
Other independent variables are: (1) cultivated land divided by the 
total land (C11,C21)* and (2) four dummies, three for four divisions
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[5] of the country and the other one for time period dummy. The 
regression equations are :
I = A+ P1 
I = A+ P1+ C1 
I = A+ P1+ D 1+ D2+ D3+ D4 
Where,
I = Irrigation divided by the total land of the district,
P1 = Rural population divided by the total land of the districts 
which includes both P11 and P21,
C1 = Cultivated land divided by the total land of the districts, 
where C1 includes both C11 and C22, and where
D1, D2 and D3 are the two regional dummies and D4 is the time 
series dummy.
Two sets of regressions, both simple and log linear, have been 
calculated, one taking 17 observations and other 16 observations. The 
observation excluded was Chittagong Hill Tracts(CHT) [6] as the 
resource base of Chittagong Hill Tracts is very different than the 
rest of the country. The same set of regressions are then tried 
combining both 1961 and 1980 data set with CHT included and CHT
[3] District is an administrative unit with average population of 
4 million.
[4] Simon argues that the building of irrigation system is mainly 
in response to :(1 ) increasing demand for food over the previous 
period and (2) new land being sufficiently scarce so that the 
cost of clearing it is higher than the building of irrigation 
systems to produce the same amount of output (Simon , 1975).
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excluded, thereby giving 34 and 32 observations respectively.
The results of the first set of equations with 17 observations 
are given in Table 4.5 and the results of second sets of equations, 
with 16 observations are given in Table 4.6. Regressions were also 
tried taking the variables C11 and C22 and three regional dummies, but 
none of the regression results appear to be significant.
Only the best equations are shown in Table 4.5 and Table 4.6. 
With 17 observations the coefficient P11, (rural population/ total 
land of the district) is found to be significant in almost all cases 
except in the linear case of 1961 ( equation no. 3 of Table 4.5).
The value of F is also significant in 1980 and as well as in all 
equations with 1961 and 1980 combined (equation no. 1, 2, 5 and 6 ). 
The R for 1980 is high in the log linear form and the value of R for 
1980 varies from 0.68 to 0.71. Therefore, considering F value , R 
and the "t" value of the coefficient, it can be noted that log linear 
explains the relationship between irrigation intensity and population 
density much better than the simple linear form. The value of F, R^ ” 
and "t" value of coefficient P11 for 1961 are relatively less than 
1980 and is probably due to the overall irrigation intensity in 1961 
being much less than 1980. In the 16 observation case both F value 
and R?" decreased significantly but the coefficient of P21 (rural 
population/total land of the district when the observation is 16 ) is
significant in most of the cases.
[5] A division is composed of several districts. The country is 
divided into 4 divisions as Dhaka, Chittagong, Rajshahi and 
Khulna. Although at present there are 21 districts in 
Bangladesh, in 1961 there were only 17 districts. The district 
Mymenshing was sub-divided into 4 districts called Mymenshing, 
Tangail, Kishorgong and Jamalpur and the coastal district Barisal 
was divided into two viz, Barisal and Patuakhali. The 
geographical area of the earlier districts remained the same. In 
order to make comparison between the two periods only 17 
districts would be considered here.The subdivision of the 
districts was mainly due to political and administrative reasons.
[6] The reason for excluding the Chittagong Hill Tracts(CHT) is 
that the district lies on the south east side of Bangladesh and 
is mostly hilly area. The people are also mostly tribal people 
and have a different way of life than the rest of the population 
of the country. As the area is mostly hilly it is not suitable 
for cultivation. Only 6.38% of the total area was used for 
cultivation in 1980, the proportion was even lower in 1961 with 
only 5.06%. On the other hand the district CHT occupies the 
second largest position in terms of the area in Bangladesh. The 
density of population is lowest among all the districts. The 
density in 1977 was only 118 persons per square mile whereas the 
national average was 1411 persons per square mile. In 1961 the 
density was even lower at only 26 persons per square mile whereas 
the national average was 922. Therefore separate sets of 
regressions with 16 observations, excluding CHT, were also tried. 
Henceforth 16 observations means excluding CHT and 17 
observations means including CHT. (*)
(*) P11 stands for the rural population divided by the total land 
of the district when the observations are 17. C12 stands for 
cultivated land divided by the total land of the district for 17 
observations. The corresponding P12 and C22 represent 16 
observation cases. Therefore, P1 includes P11 and P21 and C1 
includes C11 and C22.
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TABLE 4.5
REGRESSION RESULTS OF THE CROSS SECTIONS OF DISTRICTS 
USING 17 AND 34 OBSERVATIONS.
No of 11 
equ. II Description
II Independent variables
II Constant 11 P11 II RV II F 11 Obser.
I
i 
•
=* H H 11 III 11 IV 11 V 11 VI 11 VII
1980 data
1 D.V = I .0061
(0.14)
.048
(2.94 )**
.366 8.66** 17
2 D.V = log(I ) - 3.20 
(16.56)**
1 . 12
(5.67 )**
.683 32.26** 17
1961 data
I 11 II 11 III 11 IV 11 V 11 VI 11 VII
3 D.V = I -.0386 
(0.95 )
.006 
(0.26 )
005 .067 17
4 D.V = log(I ) - 4.92 
(9.12 )**
1.39
(1.93)*
199 3.74 17
1961 and 1980 data
I 11 II 11 III 11 IV 11 V 11 VI 11 VII
5 D.V = I .0007
(0.03)
.048
(3.28 )**
.253 10.82** 34
6 D.V = log(I ) - 4.03 
(12.32 )**
1.66
(4.04 )**
.349 17.18** 34
P11 stands for rural population divided by total land 
of the district.
I stands for irrigation divided by total land 
of the district.
R*^  stands for coefficient of determination.
F stands for F value.
* significant at 5% level.
** significant at 1% level.
D.V stands for the dependent variable.
Equation numbers 2,4 and 6 represent log linear equations and 
equation 1,3 and 5 represent simple linear equations.
Figures in brackets are the respective "t" values.
Page 68
TABLE 4.6
REGRESSION RESULTS OF THE CROSS SECTIONS OF DISTRICTS 
USING 16 AND 32 OBSERVATIONS
No of II
equ. it Description
11
11 Independent variables
"1 — — — — — — —
11 Constant 11 P21 II Rx 11 F 11 Obser.
I 11 II 11 III 11 IV 11 V 11 VI 11 VII
1980 data
1 D.V = I .0143 
(2.46 )*
.449 
(2.01 )*
.224 4.05 16
2 D.V = log(I) - 3.29 
(7.27 )**
1.21 
(2.50 )*
.301 6.28* 16
1961 data
H =* H H 11 III 11 IV 11 V 11 VI 'I VII
3 D.V = I .0549
(0.12)
-.002 
(0.08 )
.0005 .007 16
4 D.V = log(I ) - 4.86 
(5.86 )**
1.26
(0.82 )
.046 0.677 16
1961 and 1980 data
HHH 11 III II IV 11 V 11 VI 11 VII
5 D.V = I .0024 
(0.07 )
.042
(2.71 )**
.197 7.34* 32
6 D.V = log(I) - 4.85 
(8.68 )**
2.42
(3.31 )**
.268 10.98** 32
P21 stands for rural population divided by total land 
of the district.
I stands for irrigation divided by total land 
of the district.
Rv stands for coefficient of determination.
F stands for F value.
* significant at 5% level.
** significant at 1% level.
Equation numbers 2,4 and 6 represent log linear equations 
and equation 1,3, and 5 represent simple linear equations. 
Figures in brackets are the respective "t" values.
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Chow test was conducted, as shown in Appendix Table 4.3 in order 
to see the difference between the coefficient of P (P11 , P21) for the 
time period, 1961 and 1980. It was found that only in log linear 
case, taking 17 observations into consideration, the calculated value 
of F was greater than the tabulated value of F at 5% level. However 
no such difference was observed when 16 observations were considered. 
The evidence is inconclusive. In the subsequent section the two time 
period will be treated seperately.
In order to see the relationship between the change in irrigation 
intensity and population density (P 11,P21 ) between 1961 and 1980 
Pearson correlation coefficient (r) was calculated for both for 17 and 
16 observations. The value of r was found to be 0.39 for 17 
observations. This value was found to be significant at 5% level 
using the student "t" test (Table 4.7) When 16 observations were
considered the value of the correlation coefficent was 0.48 and the
calculated value of "t" was also significant at 5% level. This
supports the findings of the regression that there exits a
relationship between population and irrigation.
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TABLE 4.7
CHANGES IN POPULATION DENSITY AND IRRIGATION INTENSITY
FROM 1961 TO 1980
District Change .in population 
(P' )
Change in irrigation 
(I')
Dhaka 0.48 3.68
Mymenshing 0.60 1.92
Faridpur 0.48 71.00
Chittagong 0.55 8.65
Chittagong HT 0.96 24.00
Noakhali 0.57 21.85
Comilla 0.55 0.29
Sylhet 0.58 1.07
Raj shahi 0.84 5.48
Dinajpur 0.87 6.08
Bogra 0.67 0.92
Pabna 0.70 69.00
Khulna 0.70 27.33
Barisal 0.58 0.13
Jessor 0.50 120.00
Kushatia 0.76 203.00
Sources : (1 ) Agricultural Census of East Pakistan, 1960, Vol 2,
GOP.
(2) Statistical Yearbook of Bangladesh, 1981, BBS, GOPRB.
Note : Correlation coefficient (r) between the variables
P' and I' is 0.39 and 0.48 for 17 and 16 observations
respectively. They were tested for significance by 
student "t" test at 5% level and found to be 
significant at that level.
Page 71
From the above correlation tests and the earlier regressions it 
can be observed that there exists a positive correlation between the 
irrigation intensity and population density. As irrigation intensity 
used here is a proxy variable for intensification of cultivation, it 
may be inferred that intensification is positively related with the 
population density. It has been observed that irrigation intensity is 
more closely related with population density in 1980 than in 1961. It 
may be due to the fact that in 1961 irrigation schemes were few and 
well planned government schemes were yet to be taken up. Also both 
population pressure in terms of food requirements and per capita 
availability of cropped acreage were much less intense in 1961. These 
explain the weak relationship between the variables in 1961. Over the 
time however, intensity of population pressure increased quite 
significantly and irrigation scheme in response to increased to food 
requirement were taken up. And hence, the significant relationship in 
1980. It was observed in Table 4.7 that some of the districts have 
registered proportionately higher amouts of irrigation intensity. It 
may due to overall low irrigation base in 1961 than in 1980 for 
Bangladesh in general and the districts of Faridpur, Pabna, Jessor and 
Kushita in particular.
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4.5 Relationship Between Intensity of Cultivation And Population 
Density
In order to put above findings in broader perspective, we may 
examine the relationship between population density and cropping 
intensity. Here intensification refers to cropping intensity i.e.area 
sown more than once as percentage of net sown area (NSA). The 
hypothesis postulated here is that there exists a positive 
relationship between the intensity of cropping and the density of 
population.
In order to test this hypothesis the methodologies used by Das 
(1973) and Das (1979) in the Indian States of Bihar and Assam 
respectively, will be followed.
As shown in Tables 4.1 and 4.2 the population density of 
Bangladesh was 922 persons per square mile with CHT in 1961 and 992 
person per square mile without CHT[7]. These increased to 1409 and 
1543 person per square mile in 1977 with and without CHT respectively. 
Cropping intensity [8] in 1961 was 148% which increased to 165% in 
1977, i.e. an increase of 17% over the period (Table 4.8).
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In order to find the relationship between the density of 
population and cropping intensity the following method was used.
First, Pearson correlation coefficients (r) between the density 
of population (X) and the cropping intensity (Y) were calculated for 
both 1961 and 1977 using 17 and 16 observation sets shown in Table 
4.9. The value of r for 1961 was found to be 0.55 and 0.73 for 17 and 
16 observations respectively. These values were tested at the 5% 
level and were found to be significant. The values of r for 1977 were 
found to be 0.65 and 0.64 for 17 and 16 observations respectively and 
were also found to be significant at the 5% level.
[7] As already mentioned in Chapter 3, the Chittagong Hill Tracts 
(CHT) represents the lowest density district but the second 
largest district in terms of geographical area. Hence, excluding 
CHT, the overall density also increases.
[8] Intensity of cropping(Y) represents the ratio between the 
total gross cropped area and the net sown area. It indicates the 
extent to which one and the same area is used for cropping. 
(Report of Agricultural Census of Bangladesh, National Volume, 
1977 ).
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Second, linear regressions both simple and log linear forms, were 
also tried taking the population density (X) as the independent 
variable and the cropping intensity (Y) as the dependent variable. 
The results of the regressions are given in Table 4.7. The 
coefficients of X were found to be significant in almost all the cases 
except equation number 7. It has also been observed from the value of 
the coefficient, R1' and F values, that log linear regressions explain 
better for 16 observations than 17 observations case. Hence the 
comparison will be made for 16 observations and for the log linear 
case only.
The coefficient of determination (R ) for 1977 in log linear form 
was found to be 0.57 for 16 observations. This means that 57% of the 
change in cropping intensity (Y) was due to the population density (X) 
and rest of the 43% change in the dependent variable was due to other 
independent variables such as fertilizer, pesticides, irrigation 
facilities, extension works and other physio-economic factors. In 
1961 the R was found to be 0.67 for 16 observations in log linear 
form, which means that 67% of the change in cropping intensity was due 
to population density alone and the rest of 33% change was due to 
other independent variables.
Two points can be observed from the above results:
(1) that there is a positive relationship between cropping 
intensity and population density; and,
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(2) population density in 1977 expalin lesser percentage of 
change in cr opping intensity as compared to 1961. This is an 
indication of significant influence of modern package of inputs 
like irrigation, fertilizer and HYV etc in the process of 
agricultural intensification over time. And this, seems to 
consistent with our earlier findings.
4.6 Conclusion
It has been shown that intensity of population on land, both in 
terms of food requirements and per capita availability of acreage was 
intense in late seventies than in early sixties. It was found that 
population pressure was closely related to the development of 
irrigation system. It has also been shown that there exists a 
positive relationship between cropping intensity and density of 
population. These results are consistent with Boserup's hypothesis 
that growth in population has positive implications for agricultural
development.
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CHAPTER FIVE 
SUMMARY AND CONCLUSIONS
The main purpose of this study was to observe the relationship 
between population growth and agricultural intensification in 
Bangladesh. The specific objectives were (1) to examine the relative 
intensity of population pressure on land both in terms of foodgrain 
requirements and the availability of cropped land; (2) to examine the 
relationship between population growth and intensity of cultivation; 
(3) to examine the relationship between population density and 
cropping intensities, (4) to examine the relative use of the factor 
endowments, land and labour, in agricultural production; and (5) to 
examine the productvity of land and labour.
The time periods considered in this study were from 1961 to 1977 
or 1961 to 1980, depending on the availability of data. Two sets of 
analyses were conducted, one considering all 17 districts of 
Bangladesh and the other excluding the Chittagong Hill Tracts (CHT) 
because the resource base of CHT is very different from the rest of 
the country as mentioned in Chapter three.
Intensity of population pressure on land (PPL) was calculated on 
the basis of availability of foodgrain and its requirements for each
of the districts. Foodgrain requirements were calculated on the basis
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of two earlier studies, one done by the National Nutrition Survey of 
Rural Bangladesh (NNSRB, 1975) and the other by FAO. On the basis of 
these two studies it was found that the country as a whole was facing 
food deficit in both 1951 and 1977 but the margin of deficit increased 
during this period. It was also observed that the population pressure 
on land (PPL) was more intense in 1980 than in 1951. Rasheed (1977) 
also reached similar conclusions. The present study differs from the 
earlier study of Rasheed in two ways. First, Rasheed only considered 
rice as foodgrain production whereas I considered both rice and wheat 
as foodgrain production. Second, whereas Rasheed considered per 
capita annual food requirements (K) to be 370 lbs on the basis of 
estimates done by various agencies, I calculated K to be 435 lbs and 
415 lbs on the basis of NNSRB (1975) and FAO studies.
On the basis of PPL calculation based on the cropped land 
criteria, it was found that the country was highly overpopulated in 
both 1951 and 1977. The relative coefficient of overpopulation was 
much higher in 1977 than in 1961. This was evident from the per 
capita net availability of the total sown area. It was o.58 and o.55 
acre per person with and without the CHT in 1961 but decreased to o.45 
and 0.41 acre per person in 1977. This relative coefficient of 
overpopulation was calculated on the basis of the assumption that one 
acre of cropped land is required for the nourishment of one person per 
annum (Mukherjee, 1938). Mukherjee used this criterion in India in 
1938, when scientific innovations in the agricultural sector were 
unknown in this part of the world. Also, it is accepted that the the 
natural fertility of land differs from place to place within the
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country as well as between the regions. Since this study did not have 
access to information such as the requirement of minimum cropped land 
per person for nourishment, I used Mukherjee's criteria. This index 
of overpopulation was also used by Das (1973) and Das (1979) in the 
Indian states of Bihar and Assam respectively, and indicated that both 
states were overpopulated.
In order to see the relationship between population growth and 
the intensity of cultivation, two types of analyses were carried out. 
One considered intensity of irrigation a proxy variable for intensity 
of cultivation and this was used as a dependent variable while density 
of population was considered as the independent variable. In the 
other regression cropping intensity was the dependent variable and 
population density was the independent variable. It was found that 
the coefficient of density of population was significant in almost all 
cases. From the regression analyses with and without CHT, it was 
concluded that there exists a positive relationship between density of 
population intensity of irrigation, that is, the population density is 
one of the significant variables explaining the intensity of 
cultivation. Earlier studies by Simon (1975) for 37 cross country 
studies and Isfahani (1977) for Iranian agriculture concluded that 
there exists a positive relationship between density of population the 
intensity of irrigation. The correlation coefficient (r), between the 
change in density of population and intensity of irrigation from 1961 
to 1980, was found to be 0.39 for 17 observations and 0.48 for 16 
observations. These values are significant at the 5% level. These 
figures support my earlier hypothesis of a positive relationship
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between density of population and intensity of cultivation. Other 
possible techniques for intensity of cultivation were also considered 
and it was found that the use of fertilizer and the adoption of HYV 
increased considerably from 1961 to 1980.
The correlation coefficient of the variables population density 
and cropping intensities was found to be o.64 and 0.65 for 16 and 17 
observations for 1977, and 0.73 and 0.55 for 1961 respectively. These 
values were tested for significance, both at 5% and 1% level, by the 
student "t" test and were found to be significant at both levels. 
From this it was concluded that there exists a positive relationship 
between population density and cropping intensity. In order to see 
the extent of this relationship simple and log linear regressions were 
also tried, taking population density as an independent variable and 
cropping intensity as the dependent variable, both for 16 and 17 
observations. The value of the coefficient of population density was 
found to be significant in almost all cases. Considering the 16 
observations and the log linear case, the population density can be 
explained by the variation of cropping intensity by 61% in 1961 and 
57% in 1977. The reduction of cropping intensity on population 
density from 1961 to 1977 was due to other independent variables such 
as irrigation facilities, use of fertilizer and adoption of HYV. 
These findings are similar to those of Das (1973) in the Indian state 
of Bihar where he found that 43% of the variation in the cropping 
intensity was due to population density and rest due to other 
independent physio-economic variables. Das (1979) also reached
similar conclusions in the Indian state of Assam where the variation
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in the population density accounted for 48% of the variation in 
cropping intensity and the remainder was due to other independent 
socio-economic variables. Outside the Indian sub-continent a similar 
study was conducted by Turner, Halham and Portararo (1967) on a group 
of tropical subsistence farmers and it was found that the variation in 
population density accounted for 58% of the variation in agricultural 
intensities. No such micro-level study appears to have been done in 
Bangladesh. Therefore, in order to observe the extent of the 
dependency of cropping on the population density and other variables, 
this study indicates the need for further work in this area.
It was found that relatively more labour than land was used in 
the production process in 1977 than in 1961. This is because labour 
was relatively cheaper than land in 1977 than in 1961. The real wage 
rate index of agricultural labour reduced from 100 in 1961 to 84 in 
1980. This finding is consistent with those of Khan (1977), Bose 
(1969) and Clay (1976). The price of land, however, increased at 
least seven to eight times during this period, irrespective of the 
various categories of land. It was also found that more labour 
absorbing technologies were being used, such as irrigation, HYV and 
fertilizer. Micro-level studies by Ahmed (1981, 1974) and Muqtada 
(1976) have suggested that modern seed-fertilizer-water based
technologies led to more use of labour.
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Finally, an attempt was made to examine land and labour 
productivity. It was found that the average productivity of land 
increased from 1961 to 1977. The value of per acre output in 1961 was 
TK.978 which increased to TK.1164 in 1977. This finding is consistent 
with that of Robinson (1969) for the period 1951 to 1961 when the 
average land productivity increased from TK.210 to TK.240 
respectively. The difference in the value of output per acre in 1961, 
as calculated by Robinson and as done in this study, is due to two 
factors. First, I took the 1977-78 prices as constant whereas 
Robinson considered 1959-60 prices as constant. Second, I have 
considered the value of nine major crops in calculating the gross 
value of output whereas Robinson used the gross value of some major 
crops without indicating what these crops were.
It was also found that both the average and the marginal 
productivity of labour fell from 1961 to 1977. For example, the value 
of output per worker was TK.1099 in 1961 which decreased to TK.1019 in 
1977. Robinson's (1969) conclusion was similar. He found that the 
productivity per worker in 1951 was TK.514 which fell to TK.462 in 
1961. In calculating the marginal productivity of labour a simple 
regression was used in which workers per acre was the independent 
variable and output per worker was the dependent variable. In this 
study it was found that the range of marginal products of labour in 
1961 was TK.907 to TK.-106 and this range decreased in 1977 when the 
variation was TK.758 to TK.108. Hence the hypothesis that average and 
marginal productivity of labour decreased from 1961 to 1977 was
accepted.
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In summary this study tried to examine the relationship between 
such macro-variables as population growth, agricultural intensities, 
land and labour productivity and the relative use of factor 
endowments. Further studies need to be carried out at the micro-level 
to substantiate some of the findings reported in this study. The 
present study suffers from limitations of the data. Most of the data 
were taken from published government sources and there is always some 
doubt about their accuracy. Another limitation was the time period 
used in this study. Most of the theories of agricultural development 
and population growth are based on comparatively long periods of 
observation ( Boserup, 1965; Hayami and Ruttan, 1971). Hence, in 
analysing the behaviour of the above variables for about two decades 
the conclusions that can be drawn are limited. From the findings of 
this study, however, it can be observed that the Boserup model of 
agricultural development has been supported in Bangladesh.
It has been observed that there exists a scope for further 
intensification of agriculture through the use of more fertilizers, 
irrigation water and HYV of foodgrain. For example, it was observed 
that farmers who use fertilizers apply only 50% of the recommended 
dose. Also it has been estimated that during 1971-74, only about 7% 
of Aus, 4% of Aman and 18% of Boro rice were grown using chemical 
fertilizers (Ahmed 1977). In terms of rice varieties only about 
21.88% of the total acreage was planted to HYV in 1980-81 whilst the 
irrigation area amounted to only 17.95% of total cultivated land. 
These figures indicate that there is considerable scope for further 
intensification of agriculture using improved technologies. In this
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respect a study by the World Bank ( Faaland and Parkinson, 1976) 
pointed out that by changing the inputs alone, that is, by introducing 
new seeds, fertilizers and pesticides it would be possible to double 
the output, and if irrigation was practised to the fullest extent, the 
output could be trebled. And with further addition of drainage and 
flood control, it would be possible to quadruple the agricultural 
output.
In the long run there is much scope for agricultural 
intensification in Bangladesh but its realization will require 
considerable foresight, planning and development by the people of 
Bangladesh.
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APPENDIX TABLE 3.1
INDEX OF AGRICULTURAL WAGES IN BANGLADESH 
1961 to 1980 
Base 1961=100
Year Money wage Retail prices of 
rice
(TK/mound)
Real wage
1961 100 100 100
1962 103 107 97
1963 110 96 115
1964 121 99 123
1965 107 119 90
1966 110 149 74
1967 119 141 84
1968 126 153 82
1969 143 148 96
1970 137 159 86
1971 144 189 76
1972 266 297 73
1973 307 418 74
1974* 415 828 50
1975 405 536 75
1976 410 465 88
1977 433 583 74
1978 499 622 80
1979 572 851 67
1980 622 761 84
Source : Calculated from Table 4.8.
* Represents abnormal year where the production level 
was at the lowest because of severe floods and 
there was a famine in some parts of Bangladesh.
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APPENDIX TABLE 4.1
TREND OF POPULATION INCREASE 
IN BANGLADESH IN 
1961 TO 1981
District Population 
in 1961 
(000 )
Population 
in 1980 
(000 )
Growth rate 
compound 
(%)
Growth rate 
exponential 
(%)
Dhaka 5096 10049 3.45 3.40
Mymenshing 7019 11432 2.47 2.44
Faridpur 3179 4786 2.05 2.03
Chittagong 2983 5476 3.08 3.04
Chittagong HT 383 746 3.39 3.33
Noakhali 2383 3813 2.38 2.35
Commilla 4393 6880 2.27 2.25
Sylhet 3490 5650 2.44 2. 14
Raj shahi 281 1 5623 3.19 3.14
Dinajpur 3796 6490 2.72 2.68
Rangpur 1710 3198 3. 18 3.13
Bogra 1574 2718 2.77 2.73
Pabna 1959 3418 2.82 2.78
Khulna 2449 4353 2.92 2.88
Barisal 2190 4016 3.08 3.03
Jessor 1166 2273 3.39 3.34
Kushatia 4280 6508 2.12 2.10
Bangladesh 50841 87052 2.73 2.69
Sources : (1) Preliminary Report on the Population Census, 1981, 
BBS, June 1981, GOPRB.
(2) Census of Pakistan Population, 1961, Vol 2, GOP.
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APPENDIX TABLE 3.2
TREND OF RURAL POPULATION 
INCREASE IN BANGLADESH 
1961 TO 1981
District
Rural
Population 
in 1961 
(000 )
Rural
Population 
in 1980 
(000 )
Growth rate 
compound 
(%)
Growth rate 
exponential 
(%)
Dhaka 4342 6444 1.99 1.97
Mymenshing 6778 10854 2.38 2.35
Faridpur 3110 4588 1.96 1.94
Chittagong 2610 4057 2.23 2.21
Chittagong HT 362 710 3.43 3.37
Noakhali 2349 3677 2.27 2.24
Commilla 4250 6593 2.22 2.20
Sylhet 3419 5402 2.31 2.29
Ra j shahi 2691 4942 3.09 3.04
Dinajpur 3637 6056 2.58 2.55
Rangpur 1638 3056 3.17 3.12
Bogra 1527 2600 2.70 2.66
Pabna 1860 3418 3.09 3.04
Khulna 2276 3606 2.33 2.30
Barisal 2115 3723 2.87 2.83
Jessor 1103 2116 3.31 3.26
Kushatia 4142 6206 2.04 2.02
Bangladesh 48199 77785 2.42 2.39
Sources (1) Preliminary Report on the Population Census, 1981, 
BBS, June 1981, GOPRB.
(2) Census of Pakistan Population, 1961, Vol 2, GOP.
APPENDIX
TABLE 3.3
CHOW TEST 
LOG LINEAR CASE
17 Observations 
*
= P 1 2Ce2 -(£e 2+ C 2) /K
(£e 2+Ce 2) / (n +n -2K) 
1 2  1 2
88.17 - (3.91-65.52)|/2
(3.91+65.52) /30
9.36
2.32
4.03
* = 3.32 < 4.03, significant at 5% level.
16 Observations
5.92
2.48
2.38
★ 3.32 > 2.38 not significant.
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APPENDIX 
FIGURE 3.1
AVERAGE AND MARGINAL PRODUCTIVITY OF 
AGRICULTURAL WORKERS IN BANGLADESH, 1961
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APPENDIX 
FIGURE 3.2
AVERAGE AND MARGINAL PRODUCTIVITY OF 
AGRICULTURAL WORKERS IN BANGLADESH, 1977
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